A 61-year-old Japanese woman with anemia, submandibular gland swelling, and enlarged lymph nodes was diagnosed with IgG4-related disease (IgG4-RD) by lymph node biopsy. Bone marrow involvement of IgG4-RD was detected by 18F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) and immunohistochemically proven by bone marrow biopsy in this patient. Anemia progressed gradually, and prednisolone treatment was initiated. Anemia and submandibular gland swelling improved soon after prednisolone treatment was initiated. We report a rare case of IgG4-RD involving the bone marrow. FDG-PET/CT and bone marrow biopsy were useful for diagnosis in this case.
Introduction
IgG4-related disease (IgG4-RD) is a relatively new identified disease entity, characterized by histologically proven lymphoplasmacytic infiltration with the involvement of abundant IgG4-positive plasma cells in multiple organs. Kamisawa et al. reported 8 patients with sclerosing pancreatitis with abnormally increased serum IgG4 concentrations (1) . They demonstrated IgG4-positive plasma cell infiltration of multiple organs and first proposed a new entity of systemic IgG4-related autoimmune disease. Mikulicz's disease subsequently showed infiltration of IgG4-positive plasma cells in swelling salivary glands (2) . Thus far the term IgG4-RD is widely used in those conditions (3) . Symmetrical swelling of the lachrymal, parotid, or submandibular glands, autoimmune pancreatitis, and retroperitoneal fibrosis are known to be common features of IgG4-RD. The involvement of various organs, including the central nervous system, thyroid gland, lungs, biliary duct, liver, gastrointestinal tract, kidneys, prostate gland, and lymph nodes has also been reported (3), however, only a few cases of IgG4-RD with bone or bone marrow involvement have been reported and little is known about this manifestation (1, 4, 5) . We herein report an IgG4-RD patient with bone marrow involvement that was detected by fluorodeoxy glucose-positron emission tomography (FDG-PET)/CT and immunohistochemically confirmed by a bone marrow biopsy.
Case Report
A 61-year-old Japanese woman was referred to Tokai University Hachioji Hospital due to submandibular swelling. She was well until 2 months previously, when anemia was diagnosed at a routine medical checkup. She subsequently experienced malaise and submandibular swelling. She was slightly anemic and bilateral submandibular gland swelling was observed at the initial visit. The cervical and bilateral axillar lymph nodes were also palpable. Laboratory studies revealed hemoglobin (10.1 g/dL), increased level of total protein (10.9 g/dL) and decreased albumin (2.7 g/dL). Total cholesterol was low, 86 mg/dL. Serum iron was low, 16 μg/ dL, while ferritin was 38 ng/mL. IgG and IgG4 were increased to 5,496 mg/dL and 2,180 mg/dL, respectively. β2 microglobulin was high, 6.3 mg/L, and C-reactive protein was 0.184 mg/dL. Serum free light chain κ and λ were 458 mg/L and 289 mg/L, respectively, and monoclonal protein was not detected by immunoelectrophoresis (Table) . An Immunoelectrophoresis FDG-PET/CT scan showed uptakes in the bilateral parotid gland, submandibular gland, and the cervical, axillar, paraaortic, mesentery, and inguinal lymph nodes ( Fig. 1A, B ). Although no lytic or sclerotic bone regions were observed on plain CT, uptakes were also detected in the upper arm, spine, and iliac bones ( Fig. 1C-H) . The highest uptake [standardized uptake value (SUV)max =6.3] was detected in the hepatic lymph nodes. Bone marrow aspiration and a biopsy and a biopsy of the right axillary lymph node were performed. No significant morphologic abnormalities were detected in myeloid, erythroid, or megakaryocyte lineage cells in the bone marrow aspiration materials. Plasma cells were increased to 5.3%, and 46.9% and 37.4% of CD38-positive cells expressed κ and λ chain, respectively, according to flow cytometry. The bone marrow karyotype was 46, XX and IgH-JH rearrangement was not detected by a Southern blot analysis. Biopsy specimens re-vealed normocellular marrow with mild infiltration of lymphocytes and plasma cells ( Fig. 2A ). CD138-positive plasma cells were scattered throughout the specimens, not clustered (Fig. 2B) , and more than half of these cells were also positive for IgG4 (Fig. 2C) . Short, thin reticulin fibers were observed in the bone marrow, but did not intersect to form a network. The lymph nodes showed reactive follicular hyperplasia and increasing plasma cells in the interfollicular area and outside of capsule ( Fig. 3A-C) . These plasma cells were positive for CD138 and IgG. More than half of these cells were positive for IgG4 ( Fig. 3D-F) . IgH-JH rearrangement was not detected by a Southern blot analysis using extracted DNA from lymph node mononuclear cells. According to these findings, a diagnosis of IgG4-RD was made. The patient was observed without medication, and her anemia progressed gradually. Her hemoglobin decreased to 7.1 g/dL 4 months later, and oral prednisolone 0.5 mg/kg/day was pre- 
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Dec 20xx Aug 20xx+1 mg/dL g/dL PSL 20mg 15 12 10 7 scribed. Her malaise improved soon after initiating prednisolone treatment, and 5 weeks later her IgG4 decreased to 421 mg/dL. Swelling of the parotid gland, submandibular gland, and lymph nodes disappeared, and her hemoglobin, albumin, and cholesterol increased to 10.8 g/dL, 3.4 g/dL, and 268 mg/dL, respectively (Fig. 4) . Serum iron and ferritin increased to 88 μg/dL and 46.3 ng/mL, respectively, and β2 microglobulin decreased to 1.6 mg/L. The prednisolone dose was gradually decreased to 0.1 mg/kg/day, and the patient currently remains well.
Discussion
Our patient showed 18F-FDG uptakes in the spine, upper arm, and pelvic bones, suggesting bone marrow involvement of IgG4-RD. Bone marrow involvement was immunohistochemically confirmed according to the increased number of IgG4-positive cells in the bone marrow. FDG-PET/CT and a bone marrow biopsy are not always performed in IgG4-RD patients, and therefore the actual incidence of bone marrow involvement in IgG4-RD remains unknown. To the best of our knowledge, only a few cases of IgG4-RD with bone or bone marrow involvement have been reported. Kamisawa et al. demonstrated IgG4-positive plasma cell infiltration of the bone marrow in two patients with autoimmune pancreatitis (1) . The distribution of IgG4-positive cells in the bone marrow of our patient was similar to that in the previously reported cases. Bittencourt et al. reported a patient with IgG4-RD of the temporal bone (4). Zen et al. reported a cross-sectional study of 114 IgG4-RD cases, the largest case series thus far, and none of the 35 patients with systemic IgG4-RD had radiographically or histologically confirmed bone or bone marrow involvement (6) . IgG4-RD is charac-terized by multi-organ involvement, and biopsy specimens of suspected organs are often not easily obtained. Conventional imaging methods, such as ultrasonography, CT, and magnetic resonance imaging, also have limited value for detecting IgG4-RD organ involvement. FDG-PET/CT is commonly used in the field of clinical oncology, and several reports indicate that FDG-PET/CT is useful for diagnosing, assessing organ involvement, and monitoring the therapeutic response in Ig4-RD patients (5, (7) (8) (9) (10) (11) . The FDG-PET/CT findings for 17 IgG4-RD patients were reported by Tokue et al. (7) , 35 patients by Zhang et al. (8) , and 8 patients by Takahashi et al. (9) . None of these patients demonstrated a FDG uptake in the bone or bone marrow. Ebbo et al. retrospectively analyzed 21 IgG4-RD patients and reported only one patient with a diffuse FDG uptake in the bone marrow (5) . FDG-PET/CT detected some localized bone marrow involvement in addition to submandibular gland and lymph node involvement in our patient.
Our patient had progressive anemia, severe hypocholesterolemia, and hypoalbuminemia at presentation, and these abnormalities improved soon after the initiation of prednisolone treatment. Anemia is rarely observed in IgG4-RD patients, and only one case report of a patient with IgG4-RD and autoimmune hemolytic anemia was found in the literature (12) . We did not measure haptoglobin, however, both direct and indirect anti-globulin tests were negative in our patient, indicating that autoimmune hemolytic anemia was not the cause of anemia in our case. Although the number of IgG4-positive plasma cells increased in the bone marrow, erythroid progenitor cells were sparse, and the leukocytes and platelets were not found to have decreased in number, thus the patient's anemia was not likely due to bone marrow suppression caused by increased plasma cells. IgG4-RD is a systemic inflammatory disease, therefore, it may cause anemia of chronic disorders, which is characterized by decreased serum iron, decreased total iron binding capacity, and increased ferritin (13) . Although ferritin was not increased in the present patient, anemia was potentially due to anemia of a chronic disorder. The patient complained of mild bleeding from a hemorrhoid, which could result in underlying iron deficiency and decreased ferritin. Hypocholesterolemia and hypoalbuminemia might also reflect systemic inflammation in this patient. We did not measure erythropoietin, other inflammatory markers or cytokines, and therefore cannot confirm the mechanisms of anemia, hypocholesterolemia and hypoalbuminemia in this patient.
We herein reported a rare case of IgG4-RD with bone marrow involvement. FDG-PET/CT is useful for suspicious bone marrow involvement and it can be immunohistochemically confirmed by a bone marrow biopsy.
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